The black timber bark beetle Xylosandrus germanus (Blandford) is an invasive ambrosia beetle originating from Southeastern Asia that has become successfully established within Europe and North America. Herein, we provide a review of the spread and distribution of this pest of trees and timber across Europe before and after 2000, along with a review of its habitat preferences. Since the spread of X. germanus across Europe has accelerated rapidly post-2000, emphasis is placed on this period. X. germanus was first recorded in Germany in 1951 and since then in 21 European countries along with Russia. Ethanol-baited traps were deployed in oak, beech, and spruce forest ecosystems in the Western Carpathians, Central Europe, Slovakia, to characterize the distribution and habitat preference of this non-native ambrosia beetle. Captures of X. germanus within Slovakia have been rising rapidly since its first record in 2010, and now this species dominates captures of native ambrosia beetles. X. germanus has spread throughout the whole Slovakia from the south-southwest to the north-northeast over the period of 5-10 years and has also spread vertically into higher altitudes within this country. While living but weakened trees in Europe and North America are attacked by X. germanus, the greatest negative impact within Slovakia is attacks on recently felled logs of oak, beech and spruce trees providing high quality timber/lumber. We suggest that the recent rapid spread of X. germanus in Central Europe is being facilitated by environmental changes, specifically global warming, and the increasing frequency of timber trade.
Introduction
Invasive ambrosia beetles (Coleoptera: Curculionidae, Scolytinae) can cause severe damage in forest systems [1, 2] . In particular, ambrosia beetles in the tribe Xyleborini are among the most successful insect invaders worldwide [2] [3] [4] [5] [6] . Key traits likely contribute to their establishment and proliferation success, including a cryptic lifestyle, fungivory, broad host tree range, haplodiploid reproduction, and sibling mating [6, 7] . Notably, ambrosia beetles are among the true fungus farming insects, whereby the adults and larvae live within wood in symbiosis with their ambrosia fungi [8] . Consuming the fungal symbiont is the sole source of nourishment for the adults and larvae, and is required for proper development [9] [10] [11] .
X. germanus (Blandford), also known as the black stem borer or black timber bark beetle [12] , is a highly successful xyleborine invader and destructive wood-boring pest. Adult female X. germanus tunnel into the heartwood of trees and logs, whereby they cultivate fungal gardens of Ambrosiella grosmanniae C. Mayers, McNew & T.C. Harr. [13] . A variety of secondary microorganisms have also been isolated from galleries of X. germanus, including bacteria, yeasts, and filamentous fungi [14, 15] .
Ranger et al. [16] reviews additional important aspects related to the biology and ecology of X. germanus in detail.
X. germanus is native to Eastern Asia [4, 12] , but has become established in Europe and North obtained through ethanol-baited traps utilized for monitoring purposes [55, 56] . Since all of the individuals have been collected deep in a close-canopy forest distant from main traffic routes, the spread of X. germanus several years prior to its first detection is highly likely.
The catches of X. germanus have been rising rapidly since 2010. For example, monitoring traps set in the same oak stand and the same site repeatedly over time yielded a total of 40 specimens in 2011, 77 specimens in 2012 [55] , 322 specimens in 2013, and over 1,000 specimens per year in next years [66] . X. germanus has soon become the dominant species over other species of ambrosia beetle in Slovakia. A similar pattern has been observed in other European countries [1, 17, 27, 31, 33, 67, 68] .
Hence, X. germanus may substantially alter diversity of scolytine assemblages in forests [21, 27, 33] . It could be assumed that native competitors do not substantially limit X. germanus in nature [33] .
X. germanus in Slovakia was spreading from the south/southwest to the north/northeast ( Figure   1b ). It has spread throughout the whole country (its length approximately 400 km) during 5-10 years. The rate of active spread of X. germanus has been described as tens of kilometers per year in Western Europe [33] .
Not much is known about the vertical spread of X. germanus in European forests. Several works state that everywhere the species has established, it has permanent populations only at relatively low elevations [29, 32, 33] . Henin and Verstein [33] in Western Europe concluded that X. germanus does not appear to be able to settle and establish permanent populations above approximately 350 m. Similarly, Bruge [32] noted that X. germanus had not been observed above 500 m within Europe.
For instance, 578-600 m is the highest elevation previously reported for a population of X. germanus [69, 70] . However, Olenici et al. [57] stated that in the Voievodeasa Forest in the East Carpathians in Romania a permanent population was discovered at an altitude of 760-900 m on a slope with a south-easterly aspect. These accounts are considerably higher than the maximum altitudes described by other workers in Western Europe, and herein we provide the support for them from the West Carpathians. Although approximately 51% of the collected beetles were obtained from beech stands, the factor forest type alone (irrespectively of elevation) did not influence the abundance of the beetle within the given range of altitudes (Kruskal-Wallis test, χ 2 = 3.9204, df = 2, n1 = n2 = n3 = 12, p = 0.141) (Figure 2a ). In North America, abundance of X. germanus collected in ethanol-baited traps also did not differ between a hardwood habitat and coniferous habitat [72] . These results confirm broad ecological plasticity of this habitat generalist [9] .
The beetles were found along the entire altitudinal gradient. The significant effect of altitude on the abundance of X. germanus (negative binomial GAM, edf = 3.524, χ 2 = 24.38, p < 0.0001) suggests the species optimum in the beech forest between approximately 500 and 700 m a.s.l.
( Figure 2b ). Moist climate in this forest is supposed to retain more stable microhabitats for X. germanus and its fungal symbiotic associates than warm and dry climate in oak forests in lower altitudes. Similarly, cool submontane forests in the altitudes of approximately 800 -900 m and above could also suit much less to the beetle as indicated by the smoother (Figure 2b ). Although X. germanus in Slovakia was observed to attack felled spruce logs as high as 1,020 m a.s.l. [73] , it has not yet been found in cool mountain forests above 1100 m a.s.l. [74] .
The model (Figure 2b ) explains 38% of the deviance in the data. It could be extended by using more observations from the same and/or broader ranges of altitudes (depending on local topographies), slope aspects and variation in canopy openness. The extent to which the canopy openness could affect the occurrence of X. germanus in the prevailing forest systems in the West Carpathians has not yet been analyzed, however, the preference of this species for shady habitats or microhabitats in regions with both the oceanic [67] and continental climate [75] within Europe is evident. In the western part of Germany (Königsforst near Cologne), for example, X. germanus females produced approximately five times more entrance holes in spruce logs shaded by trees than in unshaded logs [67] . In the studied Carpathian forest the canopies of all stands were closed, and the breeding substrates attractive for the beetle were not scarce across all forest stands. On the basis of this we can assume that the spread of X. germanus in Europe does not occur only horizontally in individual countries but also vertically into higher altitudes where local topographies can play an important role. Yet, Ito et al. [77] hypothesized that X. germanus probably lacks enough dispersal ability to cross large geographical barriers such as oceans, high mountains, and grassland ecosystems due to an absence of woody hosts. Their study found that the Tsugaru [85, [96] [97] [98] . The emission of ethanol from aging logs also attracts and induces attacks by X. germanus and other ambrosia beetles [46, 67, [99] [100] [101] [102] .
In North America, X. germanus is mainly a pest on a number of species of deciduous trees, particularly in ornamental nurseries [16, 80, 83, 103] and tree fruit orchards [86, 87] . For instance, X. germanus is the most abundant and problematic ambrosia beetle attacking trees in ornamental nurseries in Ohio [16, 82, 83] . Attacks have also been documented on logs in North America, especially deciduous species over coniferous species [104, 105] . However, X. germanus is not currently considered an important pest of logs or lumber in the USA. Yet, new records of X. germanus were obtained during trapping surveys of high-risk sites in Oregon, for instance, businesses importing untreated solid wood packing material, raw wood products, port and industrial areas, and urban forests [106] . The intracontinental movement of untreated solid wood and raw wood products were proposed to be the basis for the introduction of X. germanus into Oregon [106].
In Europe, X. germanus is considered a secondary pest that attacks mostly felled tree logs [46] Photo by Juraj Galko.
While X. germanus shows an apparent preference for thin-barked trees [16] , it does not appear discriminate about the thickness (diameter) of host material [25] . Logging residues, as well as thick and highly valuable lumber are attacked [84] . For instance, Henin and Verstein [33] state that X. germanus was found in a 4,000 ha beech stand on all types of substrate: stumps, small branches, limbs, and logs. Presumably X. germanus can attack any sort of woody material from any species of woody plant, as long as key factors are met -the presence of ethanol in host tissues and sufficient humidity for the development of mutualistic ambrosia fungi [12, 91] .
Taking into account its broad host range, preference for weakened hosts, and capability to attack standing trees, recently felled logs, and lumber, we assume that many economically important species of woody plants, logs, and lumber could act as potential hosts and be vulnerable to attack. Due to its extreme inbreeding, haplodiploidy, fungiculture, and broad host range, X. germanus has become a very efficient invader [6, 7] . It is probable that further spread of X. germanus will be difficult to stop, considering that a single fertilized female can found a population in a new region without any negative effects stemming from inbreeding depression [11] . However, it is possible to avoid considerable damage to timber using suitable management measures, as described below in greater detail.
Forest management and recommendations

Preprints
For early detection of attacks, entrance holes with a 1 mm diameter and whitish, light colored sawdust (Figure 3 ) are typical signs of this species' presence [16, 86] . At later stages, when sawdust is expelled from galleries in typical cylindrical formations (noodles) [16, 23] (Figure 3) Curculionidae, Scolytinae) [67] and thus cause greater damage.
We recommend the following management tactics to preserve the monetary value of quality lumber and minimize economic losses:
1. Logging, transport, storage, and processing of lumber should be carried out at periods without an increased abundance of technical pests. For instance, Franjević et al. [53] recommended the main felling period should be from October through March, harvesting should be prohibited during April and May, and thinning should take place from June through September. 4. Auctions of high quality products should not take place at sites and periods when wood-boring insects occur.
5. Inspection of attacked wood material is done visually (entrance holes, white piles of sawdust) (Figure 3) . White sawdust is a typical sign of an infestation.
6. It is essential that personnel working with wood at vulnerable sites are aware of this species' symptoms, since chemical treatments are only effective at initial stages of attack.
7. For monitoring the presence of X. germanus is possible to use different types of traps [16, 112] baited with ethanol. Traps provide information on the place, time, and numbers in which the monitored pest occurs [112] . However, mass trapping of X. germanus using ethanol-baited traps is not currently an effective management tactic [17,53].
8. Heavily infested material should also be chipped or burned to avoid population build up
[2].
9. Wood products being imported into countries or regions where X. germanus has not yet reached should also be closely inspected and monitored.
There are other modern, albeit costly methods of protecting lumber such as treatment with heat, microwave [113] or other radiation, and special, direct injecting of insecticides into damaged spots
